We aim to provide an understanding of the effects of providing subsidies to the fisheries in in the EEZs of SIDS. We find that collectively, SIDS have currently overfished their waters to the extent that their current catch is just under 50% of the maximum catch potential. This catch loss results in a loss of opportunity in meeting the nutritional requirements of over 600 million people living within and outside of SIDS. Our results also demonstrate that capacity-enhancing subsidies contribute to overfishing while the effect of good subsidies is unclear and needs further analysis.
Introduction
Global wild fish catch reached its maximum limits in the mid 1980s, and has started to decline, mainly because of over-exploitation and depletion of fish stocks (e.g., Pauly et al. 2002; Myers & Worm 2003) .
The over-exploitation of fish stocks started in the North Atlantic and North Pacific, where industrial fishing began in the late 19 th and early 20 th centuries. It then expanded to the continental shelf and coastal waters of other ocean basins, including those in Small Island Developing States (SIDs) and then to the high and deep seas (Sumaila and Cheung, 2009) . Fisheries are important in developing coastal countries, in general, and in the Small Island Developing States, in particular, for a variety of reasons: (i) fish is a source of animal protein for the populations of SIDS; (ii) fisheries are an important source of foreign exchange for many of SIDS; and (iii) fisheries are a source of income and livelihoods to millions of people in these countries, many of whom are employed in small-scale fisheries.
Over-exploitation of fish socks results in substantial socio-economic loss to fishing enterprises and communities (World Bank and FAO 2008) . It also threatens the long-term survival of marine species, in particular, those that are vulnerable to fishing (Hutchings & Reynolds 2004) . The long-term sustainability (ecological, economic and social) of targeting many fish stocks in the world is seriously in doubt (Pauly et al. 2002; Worm et al. 2006) .
At the same time that fish stocks are being over-exploited, subsidies are being provided to the fishing sector by many governments around the world. It is generally accepted by fisheries scholars and scientists that fisheries subsidies are a driving factor for the build-up of excessive fishing capacity, thereby undermining the sustainability of marine resources and the livelihoods that depend on them (FAO, 2001; Milazzo, 1998) . Subsidies that reduce the cost of fisheries operations and those that enhance revenues make fishing enterprises more profitable than they would be otherwise. Such subsidies result in fishery resources being overexploited, as they contribute directly or indirectly to the build-up of excessive fishing capacity (Milazzo, 1998) , thereby undermining the sustainability of marine living resources and the livelihoods that depend on them (Sumaila et al., 2010) . In this paper, this type of subsidies is considered capacity-enhancing or 'bad' subsidies because of their negative effects on fisheries sustainability.
Global estimates of fishery subsidies in general have been provided earlier by the FAO (1992) and Milazzo (1998) . Regional estimates of fisheries subsidies have also been provided for the Asia Pacific
Rim by APEC (2000) and for the North Atlantic by Munro and Sumaila (2002) . The OECD publishes annual fisheries subsidies estimates for its member countries (OECD, 2004; 2005a (Table 1) .
Insert Table 1 here!
Potential catch loss in SIDS
We determine the current and potential catch from the Exclusive Economic Zones of the 37 SIDS using estimated maximum sustainable yields (MSYs) reported in Srinivasan et al. (2010) . The catch loss, that is, catches foregone due to fishing beyond sustainable levels (i.e., due to overfishing) are calculated by combining MSY data with current catch reported in the Sea Around Us project database 
Analysis of the food security implications of catch losses in SIDS
Here, we explore the socioeconomic and food security implications of the failure to manage fisheries in SIDS optimally to achieve the full potential catch. We estimate the number of people who could have met their animal protein needs if the fisheries in SIDS were managed to achieve their full potential. To do this, we converted the estimated catch losses in each SIDS into potential food energy, assuming energy content of ~120 cal per 100 g of marine fish landings. Next, we divide the calculated food energy lost by how much food energy a typical person needs per day in Kcal, which is assumed here to be 2 kcal per day or 730 kcal per year.
Fisheries subsidies in Small Island Developing States
Subsidies have been defined simply as government financial transfers that help reduce the cost of fishing, e.g. fuel subsidies or artificially increase revenues to fishing enterprises, e.g., through price support subsidies (Milazzo, 1998) . Subsidies are categorized in this paper into beneficial or 'good', harmful or 'bad' and ambiguous or 'ugly' categories. 'Good' or beneficial subsidies help maintain or enhance the growth of fish stocks through conservation and monitoring of catch rates via control and surveillance measures. Examples of good subsidies are fisheries management programs and fishery research. Harmful subsidies result in the growth of fishing effort, which can lead to outright destruction of the natural resource. Such subsidies include all forms of capital inputs and infrastructure investments from public sources. 'Ugly' subsidies are ambiguous, and can lead to either decline or growth in fishing effort depending on the context and management effectiveness. An example is vessel buyback or decommissioning programs, which if not designed and implemented such that the industry is caught by surprise, will not guarantee that the subsidies will have a positive effect in terms of overcapacity (Clark et al., 2005; Sumaila et al., 2010) . Sumaila et al. (2010) reports on a global fisheries subsidies database that contains information on all maritime countries of the world. We pulled off subsidies data from this database for Small Island Developing States and report them in Table 1 . This data is first analyzed on its own and then used to tease out the potential effects of subsidies on overfishing.
Potential effects of fisheries subsidies on overfishing in Small Island Developing States
We combine data on catch loss with subsidies data to carry out simple regression analysis to help us tease out the effect of subsidies on overfishing. We used the regression analysis to test the following hypothesis (i) high total subsidies means high loss of catch potential; (ii) high levels of bad or harmful subsidies results in high catch loss potential; and (iii) high levels of good subsidies will mean lower levels of catch loss potential.
Potential catch loss in SIDS
All SIDS in our study registered catch losses, ranging from 9% of the potential catch in the case of Solomon Islands to 89% for Guinea-Bissau. As a group, SIDS as a group are currently catching only 48% of the potential catch of the EEZs, with Oceania registering the highest loss at 59% of the potential, followed by Latin America and the Caribbean, Africa and Asia of 48%, 47% and 25%, respectively ( Figure 1 ). In terms of the proportion of fish stocks that are currently classified as overfished, 27 to 90% of the fish stocks in SIDS are overfished, with a total of 60% for all the studied stocks in SIDS.
Regionally, the proportion of overfished stocks is highest in Africa (72%) followed by Oceania (68%), Asia (54%) and Latin America and Caribbean (51%) (Figure 1 ). 
Figure 1 in here!

Food security implications of catch losses in SIDS
Fisheries subsidies in Small Island Developing States
The total, good, bad and ugly subsidies for each SIDS are reported in Table 1 . We see from the table that in total SIDS provide an estimated annual subsidy of about $1.44 billion, of which $545, $872 and $28 million are beneficial, harmful and ambiguous subsidies, respectively.
Potential effects of fisheries subsidies on overfishing in Small Island Developing States
The regression analysis carried out reveals that the hypothesis that (i) high total subsidies results in high levels of catch loss was accepted as the sign of the coefficient of the regression is both in the right direction and significant at the 5% level of confidence (p<0.05) ( Figure 2) ; (ii) the higher the level of bad or harmful subsidies provided the higher the potential catch loss was also accepted (p<0.05) (3). As expected, the amount of bad subsidies has a stronger relationship with catch loss than in the case of total subsidies. Finally, our third hypothesis that good subsides will result in lower losses in catch potential was rejected at even the 10% confidence level (p>0.1) (Figure 4) .
Figures 2-3 in here!
Discussion and conclusion
We show that overfishing in SIDS is serious, causing large losses in catch and impacts on the socio-economics of these countries. Currently, SIDS have lost an estimated half of their potential catch because of overfishing. The estimated catch loss and proportion of overfished stocks are higher than average from all the countries in these regions. Previous studies suggest that 16-31% of stocks were overfished over 1950-2004 (Froese and Kesner-Reyes; FAO 2009; Srinivasan et al. 2010 ) with an estimated catch loss relative to MSYs of 19%, 14%, 13% and 7% in Africa, Asia, Oceania and South America, respectively (Srinivasan et al. 2010) . The SIDS have more than double the proportion of overfished stocks than the global estimates and 2-3 times higher catch loss relative to the MSYs than the values from all the countries in each region. Besides causing the loss of nutrient supply to these countries, the large proportion of overfished stocks affects marine biodiversity and potentially alter ecosystem functioning (Worm et al. 2006) . These may have negative effects on other ecosystem services besides fisheries, e.g., tourism, thus further exacerbating the impacts of overfishing. The SIDS are particularly vulnerable to these impacts because of their strong resource dependency, lack of alternative livelihoods and low adaptive capacity to the impacts (Allison et al., 2009) . In particular, it is projected that many of the SIDS are most vulnerable to climate change impacts, partly caused by the negative impacts it has on fisheries productivity (Allison et al. 2009; Cheung et al. 2010 ).
Our analysis suggests that an important step to reduce overfishing in SIDS would be to reduce bad subsidies. We show that there is significant and positive relationship between subsidies, bad subsidies specifically, and overfishing in SIDS, which agrees with bioeconomic theory. Thus, reducing bad subsidies is likely to reduce overfishing. However, subsidies explain about 20% of the variation of the catch loss level, while the remaining variance is likely to be dependent on other main overfishing drivers [Sumaila et al. (2010) ; Srinivasan (2010) ]. All amounts are in US$. 
